We compare two independent generalizations of the usual spherical harmonics, namely monopole harmonics and spin-weighted spherical harmonics, and make precise the sense in which they can be considered to be the same. By analogy with the spin-gauge language, raising and lowering operators for the monopole index of the monopole harmonics can immediately be written down.
I. INTRODUCTION
Once again physicists in two completely different areas have independently developed the same mathematics. Wu and Yang! introduced 2 monopole harmonics as particular solutions of the Schrodinger equation for an electron in the field of a Dirac magnetic monopole. Newman and Penrose 3 introduced 2 spin-weighted spherical harmonics as a means to describe certain quantities exhibiting a particular "spingauge" behavior which occur naturally in the asymptotic expansion of the gravitational field in null directions.
In what follows we compare these two generalizations of the usual spherical harmonics and show that, for a particular choice of spin gauge, the spin-weighted spherical harmonics reduce to the monopole harmonics. As a simple application of this result, we note that the fundamental operators in the spin-gauge language raise or lower the spin weight by 1. Thus, writing these operators in the appropriate gauge immediately yields operators which raise or lower the monopole index of the monopole harmonics by 1. Going in the other direction, we adapt the angular momentum operators of the Schrodinger picture to the spin-gauge language and derive the corresponding operators there.
In Sec. II we first review monopole harmonics and in Sec. III we do the same for spin-weighted spherical harmonics. We compare the two in Sec. IV and then discuss our results in Sec. V.
II. MONOPOLE HARMONICS
The term "monopole harmonics" was first used by Wu and Yang l to describe solutions of the SchrOdinger equation for an electron in the field of a magnetic monopole. However, the functions used in this description are almost as old as the relevant Schrodinger equation itself, which dates back to the original paper on monopoles by Dirac. 4 These functions were first discussed by TammS and Fierz 6 and then by numerous other authors.
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The fundamental difference in the approach ofWu and Yang l is that elements of their Hilbert space are not functions at all, but rather sections of a particular fiber bundle. This eliminates the string singularity of the original description of the Dirac monopole. Although the presentation bea) Permanent address. low follows Wu and Yang l we will deliberately deemphasize the underlying fiber bundle structure.
Define the regions Ra and Rb on the sphere by Ra = {O";O<1Tj, Rb = {O<O";1Tj.
(1)
The relevant Schrodinger equation is
where V(r) is the potential, E is the energy eigenvalue, L 2 is the total angular momentum operator, and q = eg (see Ref.
8).
One makes the ansatz
where the Y q1m are characterized by their angular momentum eigenvalues
We also have
The fiber bundle structure can be interpreted as follows: The angular momentum operators are 
III. SPIN-WEIGHTED SPHERICAL HARMONICS
Newman and Penrose 3 introduced spin-weighted spherical harmonics based on ideas in Janis and Newman 9 in order to describe the asymptotic behavior of the gravitational field of isolated systems at large null distances from the source. Although they did this for a particular choice of spin gauge (the "standard" spin gauge) the concept can be immediately generalized to an arbitrary spin gauge. Except for this minor difference our presentation follows Newman and Penrose. We can, however, combine m a and 7i into operators which raise or lower the spin weight. For sW(Q ) = s define lO 3Q=m a a a Q + 27isQ, d=maaaQ-2asQ, (15) where 3 is the Icelandic letter "edth"; note that 3Q is the complex conjugate of 3Q since sW(Q ) = -sw(Q). The fundamental property of these operators is sw(3Q) =s + 1,
The standard gauge is given by choosing r = 0 in (9), thus
In an arbitrary gauge we have
We can now obtain the spin-weighted spherical harmonics 
3(sY lm ) = + [(l-s)(/+s+ I)]1I2 s +
We can ask if there are generalizations ofthe usual angular momentum operators,
Since these imply that
( 23) whereL represents any of the angular momentum operators, one can easily solve for these operators. The result is 12 
IV. COMPARISON OF MONOPOLE AND SPIN-WEIGHTED SPHERICAL HARMONICS
Comparing (24) (20) we have
This is our main result. Note that we can now immediately give raising and lowering operators for the monopole index of the monopole harmonics; these are just 3 and '3 in the appropriate gauge:
3A.=e+iq>(a e +_._i_a +q (1-.COS())),
sm () '" sm () [To obtain the correct normalization merely divide these by the constant on the right side of(21b) or (21c) withs = q.]
V. DISCUSSION
Our result (26) should not be surprising. The monopole harmonics are analytic, whereas the operator 3 0 has a direction-dependent limit at () = 0 and () = 11". Going to the gauge A or B is necessary in order to tum 3 into an analytic operator on the region R 0 or R b!14
Futhermore, since the. Y 1m of course have spin weight s, our result can be interpreted as follows: Remove the explicit q dependence (i. e., e ± Iqtp) from the q Yi::. The result is precisely the spin-weighted spherical harmonics q Y~m in standard gauge.
We have only explicitly treated the spin-weighted spherical harmonics for integer spin. However, the argument used in Sec. III to introduce the angular momentum operators L can be inverted: we could equally well define the spin-weighted spherical harmonics as eigenfunctions of L. It is then obvious that the results of Sec. IV are also valid for half-integer spin. 
